Far-field terrain navigation by Avedisyan, A.




          	 
               
 !"
 

















 
 

# 
 	    $ $  % 	  &  	    $ $  % 	  	  '         (   
 $ $  $     $  &  	   ) *     	 + 	    ,  	   ) -  % 	 , 
                   	   )    + ,   $ ) + 	   +  
$  %          &       (    $ '   

Figure 1 Futur rover, with vertical wide basline, called Zoë
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Figure 2 Illustration of the gap in information
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Figure 3 Software Organization Schema 
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Figure 4 Navigator - arcs processing 
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Figure 5 Available sensors on the rover for far field navigation. 
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Figure 6 General picture acquisition and processing mechanism
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Figure 8 Left : a) Original picture, b)Scanline-Based Processing from a Range Image c) 
Detected distances for both picture, Right A Local Map [SSBD99] 
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Figure 7 Nomad Rover
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Figure 9 Left: Computed disparity map. Right: Disparity image Dark values represent 
larger disparities. [CFO03] 
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Figure 10 Left: Navigation System Diagram, Right: Range Image Processing [AST95] 
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• The height variation of the terrain within the cell, 
• The orientation of the vector normal to the patch of terrain contained in the cell 
• The presence of a discontinuity of elevation in the cell. 
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Figure 11 Atacam Desert 

1.-/D)1 
)</1+/
)+$')4.2/,24.	AB4
../-+'/).-2../A-B4
.)))%-..
2//2)+.
./+2/,



Figure 12 Equidistant picture segmentation 
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Figure 13 Toposemantic information tracking 
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3.1.2.1 Goal  

1/-224//:24.
/-24/4-2'.)2
,,)/.4,4+2,
D)
$24  -2 / . +  ,/   ) , ), 4 +2
+,-239(,,
3.1.2.2 Methods 
#-/-2/ '=.')   -2
,  +(4   / 4 .-  '4 .- . .
</U 
3   -.4  -2  /, 9+
/24    / . / /+ 
(4 /  +/D  +
-2/4.)+22
-22$,
'





(

'
Figure 14 Sky Examples 
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Figure 15 RGB Space of color Left picture: Dots represent each color present in the 
picture. Right picture show the threshold moving. 
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Figure 16 Diagram of the algorithm. “Quality of Info” means that there are some 
thresholds that decide if the information provided by several processing is enough or not. 
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3.1.3.1 Goal  
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Figure 17 Sample of landscape 
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Figure 18 A: Monotonic segmentation, B: Parabolic segmentation,  C: Anarchic 
segmentation 
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Figure 19 B': Quad tree segmentation 
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Figure 20 Left: original starting samples, Right: illustration of the occlusion position  
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3.1.4.1 STEP 1 : HIGH-PASS 
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3.1.4.2 STEP 2 : DISCRETIZATION 
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3.1.4.3 STEP 3 : DATA SMOOTHING 
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Figure 21 Left: Picture with the blob mask, Right: in blue min and max for each area, in 
red the centroïd. 
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Figure 22 Occlusion detector map, for each of the segment we put the value of the 
detected size of occlusion. 
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Table 1 Weighting Tables for Occlusion detector map 
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Figure 23 Left: Original picture, Center: Median Color Map, Right: Mean Color Map, 
interpolated color represented by red arrows. 
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Figure 24 Left: Unexpected color detected, Right Unique color detection map 
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Figure 25 A: Original picture, B: aaThreshold algorithm, C: Smoothing, D: Blob detector 
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Figure 26 Left: original picture, Right: fast Fourier transform, (log(abs(fft))) 
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Figure 27 Fourier Transform frequencies representation, an example with 8 equivalent 
spaced radius. 
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Figure 28 Left: original picture, Right: Fast Fourier Transform applied independently on 
each of the segement (32x32 pixels), Arrow: orientation detected.  
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Figure 29 Examples of texture detection for a whole picture, A & B shows the texture 
equivalent areas, A’ & B’ shows generated texture vector for each picture. Original 
picture before processing in Figure 28 Left 
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Figure 30 Texture classification process (algorithm aaFFTALL) 
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Figure 31 Field analysis examples, missing of information from a certain distance. 
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Figure 32 Show us the range of distances in meter . Moreover we will use this color 
convention for whole the project. Right: Generated  Result of a distance map  
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3.1.10.1 Rule 1: Danger 
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Figure 33 Top bar graphs:  The red cross means that one (or more) of the area is missing 
3.1.10.2 Rule 2: Obstacle 
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Figure 34 White crosses means, obstacles starts from mid field or far field 1 or 2 or 3 
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3.1.10.3 Rule 3a: Rover go up 
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3.1.10.4 Rule 3b: Rover go down 
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Figure 35 Left: Distances map: 3 discontinuites where discovered. 
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Table 2 Weighting for Distance rule map. In percent.  
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Figure 36 Distances rules map flowchart, s : position of the current segment 
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Figure 37 Geometrical equidistant segmentation  
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Figure 38 Top: Stereo picture with 0.600 [m] wide baseline,  
Bottom disparity map, left: calibration attempt 1, right: calibration attempt 2 
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3.2.2.1 Goal  
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3.2.2.2 Introduction 
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3.2.2.3 Methods 
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(1) scale-space peak selection 
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(2) keypoint localization 
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(3) orientation assignment  
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(4) keypoint descriptor.  
 ,/)-2)4+/) ,,/  
,+/


 !1L,)#),(  
/  + , /  / /  1 # L  
)+=+2))2,.)#LD/
/

 
 
 
 
A B C 
$,LE)




Figure 40 Gaussian pyramids 
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Figure 41 Original Picture 
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Figure 42 Example of keypoints areas segmentation for a vertical baseline. The white top 
part is the segmented picture in vertical band and the blue areas are the several matching 
segment.  
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Figure 43 Matched keypoint vs number of image vertical segmentation 
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Figure 44 Sky Detector 
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Figure 45 Left : Left stereo sky picture, Right: Right stereo sky picture 
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Figure 46 Green: dot on left picture, Reg dot on right picture 
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Figure 47 Left: computed error/measured error in %  vs number of stereo pairs, Right: 
Measured angles for each stereo pairs 
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Figure 48 Detected Sky, Left: original picture, Right modified picture with a 5-degree 
angle rotation 
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Angle rotation Result by calibration Error average 
-10.00° -10.00° 0.01% 
5.00° 4.98° 0.39% 
10.00° 10.02° 0.16% 
20.00° 20.03° 0.13% 
45.00° 44.94° 0.14% 
Table 3 Result for several angle rotation computed by calibration  
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Figure 49 Example of  number of detected points vs the distances. We can see a 
depression between 60 and 80 [m] by the lack of information 
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Figure 50 Left: picture which undergoes a rotation and translations, Right: in dark blue 
common pictures areas 
 
Figure 51 Result on field pictures Top: Before calibration, Bottom: After calibration.  
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Figure 52 Regular stereo geometric illustration 
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Figure 53 Geometrical relation between resolution x, the distance z, 
and camera’s parameters  and f. 
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Equation 1 Relation between resolution 
of the camera and the depth Z. 
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Table 4 Calculation of =X by the depth Z as shown in Equation 1 
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Figure 54 Geometrical representation of the depth resolution z  
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Table 5 Value calculated with Equation 2 
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Figure 55 Resolution according to the baseline 
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Figure 56 Depth Resolution vs ∆X: cameras resolution according to the stereo resolution. 
Distances are calculable as long as they are under ∆X, the crossing means maximum value 
to extract distances. Calibration distances are advice above ∆X. 
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Figure 57 Blue curve the position that appear on the picture, Red curve rectification 
operated on the blue line 
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Figure 58 Distances before paraboloidal rectification 

Figure 59 Distances after paraboloïdal rectification 
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Figure 60 Image segmentation before paraboloidal rectification 

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Figure 61 Image segmentation depending by the defined range of distances 
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Figure 62 3D representation of the space from 0 to 50 [m] from the cameras, Left: 
representation with the Delaunay algorithm, Right: Dot representation in 3D space 
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Figure 63 Traversabilty map construction process 
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Table 6 Summary chart of the algorithm's complexity 
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Figure 64 Original Left and Right picture, 0.6 [m]  horizontal basline. 
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Figure 65 Left : Segmentation of the picture, Right Distance map. 
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Figure 66 Distance rules map 
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Figure 67 A:Cropped picture from 0 [m] until far field 3: 100 [m], B:Detected occlusion 
areas, C: Blob detector, surface processing, D: Occlsion Map 
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Figure 68 A: Original picture, B: Fast Fourier Transform, C: Detected texture.  D: Rock 
detetcor.  
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Figure 69 Illustration of the traversability map, A: each of the visible lines means danger. 
B: same map but in 3D perspective view, each of the segment correspond to the original 
picture segment.  
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Figure 70 Original Hi-resolution pictures 
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Figure 71 Texture classification result 

@) 884	"/6!/!"""C0
2.";
5 ( ')



	

,
  6




	'/ #
"3 #
 22##( . #
#"A ##( 
( #5 3 & ( 5 
@ =#)!
!

!##( 
( 
''	3 #!3 & ) 





	

,
0	7	



& ( 4 #"
"& 
'
( '
$ '5 #

'@ @ )( 5 
'
"3 #!3 & ) 





	
 
,
0	
 	 



$ & & "3 
= ,


$ & & "3 
"3 #
( '
$ '5 #
'(  
2))
( 
!$ '))
3 & )#!





& $ @ - "#
!- 2'. #
'(  
+ & . '"#
"3 #
. #( "&  
& 2
#'. 3 

!#5 $ #( "













@)= 884=$!"0"

@)=)1 )>D: E(!/-07

 
 



@)=) 1)D: E(!/-0!!0.2 70!/: 02: !0

%//..
+/%///+/2)
1/)/,2,
$,

Real Distance : 14.7 [m]  
Measured segment: 10-20 [m] 
 
Real Distance : 19.6 [m] 
Measured segment: 20-30 [m] 
 
 
Real Distance : 24.5 [m] 
Measured segment: 20-30 [m] 
 
 
Real Distance : 24.5 [m] 
Measured segment: 20-30 [m] 
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Figure 72 Distance 
indicator
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Figure 73 Oportunity's mars landscape picture, Field Segmentation 


Figure 74 Detected keypoints and distance approximation 
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